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IpeauciaoBue

Hacrosee yueOHO-MeTOoqMUECKOE MOCOOME MpeIHA3HAYEHO
UIE O0y4YeHHsS YTEHUIO HAYYHO-TEXHWYECKOH IUTEpaTypbl IO
cnenuanbHocTu «PobotorexHukay. [locobue cocTtout U3 Tpex
pas3zenoB, KaXIbIH U3 KOTOPBIX CONEPIKUT JBA WIHM TPU TEKCTa,
CJIOBapHBIN OJIOK, 3aJaHUS U YIIPAKHEHHUS.

Tekctel A mpemHa3HaueHBl IS M3YYAlOIIEro YTEHUS H
nepeBosia; nepes; HUMU MOMEIIEHbI CIOBapHbIM OJOK M Ipen-
TEKCTOBBIC YIPAXHEHUS Ha TEPEBOJ TEPMHUHOIOTHYECKHX U
IJIarOJIBHBIX CJIIOBOCOYETAaHUH U OTPAOOTKY IpaMMaTHUECKUX U
JIEKCUYECKUX TPYAHOCTEH.

Texctel B u C MOryT MCIonbp30BaThes Kak JUisd U3y4arollero,
TaK ¥ JUISI 03HAKOMHUTEIIHOTO U TIONCKOBOTO YTCHHS.

[TocnerekcToBble yIpa)XXHEHUsI HANPaBJICHbl HAa 3aKpeIUICHUE
rpaMMaTHYeCKOr0 MaTepHaja, yCBOSHHE JIEKCHKH M CMBICIIO-
BOI'0 COJepXaHUs TEKCTa, HA Pa3BUTHE HABBIKOB YCTHOW pedH
(mepedpazupoBaHue, MEPeBOJ C PYCCKOTO), aHHOTUPOBAHUS U
Ha OCBOEGHHME IMPAaBUJI CI0BOOOpa3oBaHus. Kpome ynpakHeHHi B
nocoOure Takke BKIIOUEHBI 3aJJaHHs 110 IPAKTUKE PedH, KaK MO-
HOJIOTMYECKOM, TaKk W AMajoruyeckoil. bosblnoe koimdecTBo
pa3sHOOOpa3HBIX YNPaKHEHHWH JaeT TPEToAaBaTei0 BO3MOXK-
HOCTh MX BBIOOpPa B 3aBUCHUMOCTH OT YPOBHS U HMHTEPECOB
YYaIIAXCS.

ITocoOue MOXKeT UCIONIb30BaThCs KaK JUIsl CAMOCTOSATEIbHOM
paboOTBl CTYIEHTOB, TaKk W ISl AyJUTOPHOM pPabOTHI TOJ
PYKOBOJICTBOM IperojiaBaTels.



UNIT 1

I. Word list:

beyond prep — cBepx, Kpome, TOMHUMO

blanket # — 30. MOKpBITHE, 3aAIIUTHBIN CJIOM

boost v — 30. BBIBOIUTH, Pa3roHsThH

cargo bay — rpy3oBoii oTcek

clamp 7 — 3a)KMMHO€ yCTPONCTBO, 3AKUM

closed-circuit TV — BayTpennee TB (3amkHyTas cuctema TB)
departure n — 30. OTKIIOHEHHE

deploy v — pa3memniaTsb, pa3BepThIBaTh, 3aIlyCKaTh (Ha OpOUTY)
dot n — Touka

drive v — npuBOIUTH B IBM)KEHUE, YIIPABIATH

end effector — paGouwuii opran

flight deck — xabuna sxumnaxa

grapple fixture — 3a)KkuMHOE PUCTIOCOOIIEHUE

grasp v — XxBaraTh, 3a)KUMaTh

hinge n — netns (1BepHast)

knobby adj — BeImyKITBIIA

once ¢j — KaKk TOJIbKO

operate v — paboTartb, yIpaBisaTh

payload n — nonesHas Harpyska

port side — neBbIit GOpT

pitch joint — cousieHeHre ¢ TOPU30HTAILHON OCBHIO (C BO3ZMOYKHO-
CTBIO TIOBOPOTA B BEPTHKAILHON TIOCKOCTH)

projection 7 — 30. BBICTYII

rather than — a He; BMecTO

sense v — oro3HaBaTh, BOCIPUHUMATD

separation 7 — 30. UHTEpBaJI, PAaCCTOSHHUE

slide v — ckonb3uTh

translational adj — 30. moctynaTenbHbIN

three-wire snare — TpeXIpOBOJIOYHOE 3aXBATHIBAIOILEE YCTPOIi-
CTBO

yaw joint — COWwIeHEHHE C BEPTUKAIBHOM OCHIO (C BOZMOKHO-
CTBIO MIOBOPOTA B TOPU30OHTAIBHOM IIIOCKOCTH)
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I1. Translate the following word combinations:

remote manipulator system, space launch system, low-Earth
orbit, port side cargo bay door hinges, machine vision system,
finger-like clamps, degrees of freedom, rotational and trans-
lational hand controllers, rate of rotation, independently ope-
rating joints, an improvement on the human arm analog;

to install a robot arm, to transport payloads, to deploy pay-
loads, to handle a task, to drive the joints, to sense joint
positions, to work the arm, to determine the distance, to be
linked to a computer, to key a task into the computer.

II1. Translate the following sentences.

A. Paying attention to the Attributive clause.

1. Although we are surrounded by robots that we think of as
automated tools, there are some sophisticated robots already in
use.

2. The load the manipulator is able to lift depends on the
weight of the robot itself.

3. The switches send “start work” signals to and receive
“completion” signals from the interfacing machines the robot is
interacting with.

4. The body of a robot is related to the job it must perform.

5. Rehabilitation robots are robots that help permanently or
temporarily disabled people with the matters they cannot deal
with themselves.

B. Paying attention to the Infinitive.

1. There are many things to be taken into consideration when
designing a climbing robot.

2. Now we shall discuss the system of units to be employed
later in our discussion.

3. The ultimate in robotic intelligence and sophistication
might take on forms yet to be imagined.

4. The advantages to be gained through automation are
numerous.



5. There is a great analogy to be found between space robots
and those involved in industry.

IV. Read the first part of Text 1A and fill in each gap with
the best-fit word from the following list. For each gap you
are offered four different options, of which only one is
correct.

1) A. transport B. deploying C. transporting D. boosting
2) A. as B. beyond C. unless D. once
3) A. communication B. defective C. artificial ~ D. low-orbit
4) A. have been B. installed C.hasbeen D. has
installed installed installed
5) A. having B. does not have C. is made of D. features
6) A. consists of B. is made of C. has D. includes
7) A. driven B. drive C. move D. driving
8) A. through B. due to C. because of D. beyond
9) A. make it B. needs C. operating  D. enables
possible for
10) A. to be oriented B. to reach C.tomove  D. to orient

V. Read and translate Text 1A

TEXT 1A
SHUTTLE REMOTE MANIPULATOR SYSTEM (RMS)

(I) The Space Shuttle is a space launch system that is
designed primarily for 1) large and small payloads
to and from low-Earth orbit. In the back of the Orbiter is a cargo
bay, large enough to contain one and one-half school buses.

2) the orbiter is in space, payloads in the bay need
to be deployed. Satellites, for example, have to be removed from
the bay and boosted to higher orbits.
3) satellites, already in space, need to be brought back into the
bay for repair or return to the Earth. To handle these tasks as
well as the assembly of large structures in orbit, a robot arm
4) along the port side cargo bay door hinges.
The arm is called the Remote Manipulator System.

It is a highly sophisticated robotic device that is analogous to
the human arm. Fifteen meters long, the RMS

6



5) a shoulder, elbow, wrist, and hand, although the hand does
not look at all like a human hand (see Fig. 1). The skeleton of

the arm 6) lightweight graphite composite materials.
Covering the skeleton are skin layers consisting of thermal
blankets. The muscles 7) the joints are electric

actuators (motors), and built-in sensors, like nerves, sense joint
positions and rates of rotation.

8) the initial similarities to the human arm, the
RMS features additional capabilities. For its needed degrees of
freedom (DOF), the RMS has six independently operating
joints. In the shoulder is a pitch joint (up or down) and a yaw
joint (right or left). The elbow has a pitch joint and the wrist has
pitch, yaw, and roll (rotation) joints, an improvement on the

human arm. The shoulder joint 9) the end effector
to move to any point along the surface of a sphere. The elbow
joint gives the RMS freedom 10) any point within

that sphere and wrist joints permit any desired orientation of the
end effector.
Wrist Yaw
Joint  Wrist CCTV & Light

Wrist Pitch Joint
End Effector
Elbow CCTV | o\/0r Arm Boom \ I

& Pan/Tilt
¢ \
3 1.
B gt
Wrist Roll
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Fig.1. The RMS’s mechanical parts:
MPM - Manipulator Positioning Mechanism (yCTaHOBOYHBII MeXaHU3M
Manumyisitopa); MRL — Manipulator Retention Latch (duxcupyrommit
MeXaHU3M MaHWITyIsTopa); Brace — pacmopka; Pan/tilt unit — ycrpoiicTBo
HAKJIOHA/TIOBOPOTa KaMephI



(IT) Further capabilities of the RMS include two closed-
circuit television cameras, one at the wrist and one at the elbow.
These cameras enable an astronaut, working the arm from the
flight deck of the Orbiter, to see critical points along the arm and
the target the arm is moving to. The television camera at the
wrist is also linked to a computer to produce a “machine vision”
that enables the arm to operate in a fully automatic mode. To
accomplish this, the grapple fixture or target on a particular
payload will have four white dots. The computer in the machine
vision system will sense the separation of the dots and from that
determine the distance and direction the end effector is from the
target and its rate of motion.

The end effector of the RMS is the most radical departure
from the human arm analog. Rather than sporting* finger-like
clamps, the end effector has a three-wire snare. On each payload
to be grasped by the arm is a grapple fixture. The fixture is a
small knobby projection that is mounted to a disc. To grasp the
payload, the end effector slides over the fixture and the wires are
pulled together in the center in a manner similar to the closing of
a diaphragm on camera. Once tightly held by the wires, the disc
is pulled into the effector and the payload is ready to be
deployed.

Operation of the RMS can be accomplished in several modes
ranging from fully manual to fully automatic. In manual mode,
an astronaut controls the arm with rotational and translational
hand controllers. These devices look similar to controllers on
home video games. While watching the arm through the
windows looking out into the cargo bay, and on closed circuit
television, the astronaut can move the end effector with ease. In
the automatic mode, the task to be accomplished is keyed into
the computer and the RMS performs its task.

" to sport — 30. meronaTs (pase.).
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VI. Answer the questions.

1. What tasks can the RMS perform?

2. How big is the cargo bay of the Orbiter?

3. What is usually done with defective satellites?

4. What is the RMS made of?

5. If we compare the RMS with a human arm, what parts of
it correspond to the human muscles and nerves?

6. How many joints does the RMS have?

7. What does the abbreviation ‘DOF’ stand for?

8. How many DOF are needed for the RMS to perform its
tasks?

9. What are the possible modes of RMS operation?

10. How does the RMS “see” the target to be grasped while
operating in the automatic mode?

11. What devices does an astronaut use to operate the RMS
in the manual mode?

VII. Match the words on the right and on the left to make
word combinations. Translate:

1) to reach a) a task

2) to deploy b) large structures in orbit
3) to boost c) a robot arm

4) to bring back d) the joints

5) to handle e) payloads

6) to install f) joint positions

7) to assemble g) machine vision

8) to drive h) satellites into the bay

9) to sense 1) any point within a sphere
10) to produce J) satellites to higher orbits

VIII. Find synonyms in the following list:

to operate, to generate, to mount, to perform, to look like, to
permit, to return, to connect, to work, to sense, to allow, to bring
back, to produce, to link, to detect, to install, to resemble, to
accomplish.

IX. Complete the sentences using information from the text.

1. The Space Shuttle prime objective is ...
2. Satellites to be deployed are ...



3. Defective satellites are brought back into the bay for...

4. The skeleton of the arm is covered with...

5. The end effector can move to any point along the surface
of a sphere due to ...

6. The elbow joint allows the RMS ...

7. The end effector can assume any desired orientation with
the help of ...

8. The TV cameras at the wrist and the elbow make it
possible ...

9. The machine vision system consists of ...

10. The distance between the end effector and the target is
determined by...

11. Having grasped the payload, the end effector is ready...

12. The rotational and translational hand controllers look
like ...

X. Paraphrase the following sentences changing the
underlined verbs into the Passive form.

1. Once the orbiter is in space, it is necessary to deploy the
payloads.

2. The RMS will have to boost the satellites from the cargo
bay to higher orbits.

3. Electric actuators drive the manipulator joints.

4. The computer determines the distance the end effector is
from the target.

5. There are a lot of tasks the RMS can perform in space.

6. The operator can see the target the arm is moving to on
closed-circuit TV.

7. The RMS will have to bring back defective satellites into
the cargo bay.

8. The payload the manipulator is to grasp has a grapple
fixture.

9. Having grasped the payload, the end effector is ready to
deploy it.

10. The cargo bay may contain satellites the RMS will boost
to higher orbits.

11. The operator keys the tasks for the RMS to perform into
the computer.
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XI. Speaking practice.

1. Explain in your own words: ‘The end effector is the most
radical departure from the human arm analog.’

2. Determine the number of DOF in the human arm from
shoulder to hand. Compare it with that of the RMS. Does the
RMS have any improvement on the human arm?

3. Speak about the RMS’s joints and their possible
movements (use Fig. 1).

4. Speak about the RMS’s cameras and their functions (use
Fig. 1)

5. Describe the process of grasping payloads by the end
effector.

6. Try to describe the RMS operation in a fully automated
mode.

7. Give a brief summary of the text.

Useful language: the text deals with, the RMS design, the
RMS operation, a detailed description of how ..., types of joints,
machine vision system, much consideration is given to, end
effector design, principle of operation of the end effector.

XII. Look through Text 1B and give the gist (cyTs) of it in
one sentence.

TEXT 1B
ROBOT PRIMER (I)

A typical robot consists of one or more manipulators (arms),
end effectors (hands), controller, power supply, and possibly an
array of sensors to provide environmental feedback. Because the
majority of robots in use today are for industrial purposes,
classification of them is based upon their industrial function.

Robot classes

Non-servo robot — the simplest form of robot. This robot
picks up an object and places it in another location. Freedom of
movement is usually limited to two or three directions. Non-
servo robots are capable of point-to-point motions. For each
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desired motion, the manipulator moves at full speed until the
limits of travel are reached. Non-servo robots are often referred
to as “limit sequence”, “bang-bang”, or “pick-and-place”. When
non-servo robots reach the end of a particular motion, a
mechanical stop or limit switch is tripped, stopping the motion.

Servo robot — robots of several categories that employ
servomechanisms for the manipulator and end effector to alter
direction in midair without tripping a mechanical switch. Five to
seven directions of motion are common, depending on the
number of joints in the manipulator. Servo robots are also
capable of point-to-point motions but movements of manipula-
tors are accomplished with controlled variable velocities and
trajectories. More common are continuous path servo robots
which are appropriate when a robot must follow a desired
trajectory in a smooth, constant motion. Motions of servo robots
are controlled without the use of stops or switches.

Programmable robot — a servo robot that is driven by a
programmable controller that memorizes a sequence of
movements and repeats these perpetually. This kind of robot is
programmed by “walking” the manipulator and end effector
through the desired movement.

Computerized robot — a servo robot run by a computer.
This kind of robot is programmed by instructions fed into the
controller electronically. “Smart” robots, as they are known,
may include the ability to improve upon their work instructions.

Sensory robot — a computerized robot with one or more
artificial senses to sense its environment and feed back
information to the controller. Senses are usually sight or touch.

Assembly robot — a computerized robot, probably with
sensors, that is designed for assembly line jobs.

XIII. Try to guess the meaning of the following words from
their description:

primer n — a small book for teaching children to read; a small
introductory book to a subject;
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feedback n — the return to the input of a part of the output of a
machine, system, or process (as for producing changes in an
electronic circuit that improve performance or in an automatic
control device that provide self-corrective action);

to be referred to as — to be called or named;

sequence n — a set of related things that happen or are arranged
in a particular order;

appropriate adj — suitable or right for a particular situation or

purpose;

perpetually adv — continually;
to feed v — to move smth. into a machine in order to be used or

processed.

XIV. Match the word combinations in the left column with

those in the right one:

1) servo robot

2) non-servo robot

3) continuous path robot

4) artificial sense

5) limit switch

6) to trip a switch

7) pick-and-place robot

8) point-to-point move-
ment

9) bang-bang robot

10) articulated manipu-

lator
11) sensory robot

a) UCKYCCTBCHHBIN OpraH OYyBCTBIICHHSI

b) poboT ¢ cepBoyIpaBiIeHUEM

C) IPUBOJIUTH B JICHCTBHE BBHIKIFOUATEIH

d) nukn0BO#i (Ieperpy304HbIil) podoT

€) poOOT C yIpaBiIeHHEM TI0 yIIopam

f) KOHIIEBOI BBIKIIIOYATEIH

g) OYyBCTBIICHHEIN poOOT

h) poGot 6e3 cepBocUCTEMBI

1) poOOT ¢ KOHTYPHOM CHCTEMOH yIIpaB-
JICHUS

j) TIO3UITMOHHOE JIBUKCHUE

k) MaHUTIYISITOP IMAPHUPHON KOHCTPYK-
V204

XYV. Translate the following sentences paying attention to the
Infinitive complex with ‘for’.

1. The ultimate goal is for the climbing robot to calculate its

own best path up a cliff.
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2. There are more advanced systems that allow for the
movements and end points to be recorded in an unspecified
order.

3. Cost-effective manipulators are a key technology for
service robotics to roll forward.

4. There are as many different types of robots as there are
tasks for them to perform.

XVI. Translate Text 1B.

XVII. Answer the questions.

1. What criterion is used for the robot classification given in
the text?

2. What devices are used to control the motion of non-servo
robots?

3. What is the difference between a servo and non-servo
robot?

4. What are other names for a non-servo robot?

5. What are the most common “senses” of a sensory robot?

6. What kind of robots are called “smart” and why?

7. How can robots be programmed?

XVIII. Give a brief summary of the text.

Useful language: the text is intended for, the elementary
knowledge of robotics, to be based on (upon), to provide
feedback, to alter direction, to be driven by, to be referred to as,
to trip a switch, to follow a trajectory, to feed information into
the controller.

XIX. Discussion point: Are there any other classifications of
robots you know? What criteria can be used for robot
classification?

Useful language: to be based on (upon), to be divided into, to
be grouped according to (by), to fall in a category, to differ
from, to be applied to, to feature.
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XX. Fill in the gaps with appropriate derivatives (forms) of
the words given in capital letters. The first gap is filled as an

example.

A robot may be defined as a self-controlled
device consisting of electronic,
, or mechanical units.

More , it is a machine that
functions in place of a

agent.

Robots are especially for

certain work functions because,

humans, they never get tired; they can endure
physical conditions that are
or even ; they can operate
in airless conditions; they do not get bored
by repetition; and they cannot be distracted
from the task at hand. Thus, robots
are especially for space
. Not only can they travel to
environments too hostile or too

for human , but they can
also enhance the work schedule of a
space mission.

CONSIST
ELECTRICITY
GENERAL
LIVE

DESIRE
LIKE

COMFORT
DANGER

VALUE
EXPLORE
DISTANCE
EXPLORE

MAN



UNIT 2

I. Word list:

altitude n — BpICOTa

assume v — IpuHUMaTh, OpaTh Ha ceOs

attitude n — mpocTpaHCTBEHHOE TIOJIOKEHUE, opueHTanus (JIA)
cease v — OCTaHaBJIMBATh, IPEKPALIATh

decay n — cria; ocnabneHue; 30. CHUKCHHE

delay n — 3agepxxka

exhaust v — H3pacxo/10BaTh, UCTIOIB30BATh MIOJHOCTHIO
fail v — 30. pa3pymarbcs, BEIXOAUTH U3 CTPOS

gain v — rmosry4aTh, puoOpeTaTh

inherent adj — HEOTHEMIIEMBIi, TPUCYIIHIA, CBOICTBEHHBIN
insurmountable adj — HeTTpeoJOTUMBIN

jaw n — 30. 3aXBar, 3QKHM

plier n — IUMIBI, KyCaYKH, TUIOCKOTYOIIBI

regardless of adv — He3aBUCHMO OT, HE B3Upas Ha
relatively adv — oTHOCHTENEHO, CPAaBHUTEIHHO

relay n — 30. paguopeneiiHas JIHUs

retrieve v — BO3BpaIaTh, BOCCTAHABINBATh

rendezvous v — 30. cOMMKATHCS, CTHIKOBATHCS

route v — HaIpaBJIATh

sense 7 — 30. CMBICT

sound adj — npaBWIbHBIN, 3/IpaBbIil, TIOTUYHBII

StOW V — yKJIQIbIBaTh, CKJIaIbIBATh

tie v — CBSI3BIBATH, MPUKPEIUIATH

transfer n — mepemerieHue, nepeBo3Ka, neperpy3ka
transponder n — TpaHCTIOHAEP, MPEOOPA30BATETH HEMPEPHIBHBIX
JAHHBIX B IIU(POBBIC

ultimately adv — B KOHIIEe KOHIIOB

wear out (wore, worn) v — U3HaIuBaTh(Cs)
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I1. Translate the following word-combinations:

Remote Orbital Servicing System, attitude control gas,
orbital transfer vehicle, relatively low-cost alternative satellite
servicing system, robot spacecraft, servicing period to follow,
worn-out modules, one to two second time delay, plier-like
jaws, specific mission requirements;

to experience orbital decay, to make sense, to assume
teleoperated control, to produce stereo pictures on the monitor,
to remove defective modules, to be similar in appearance, to
result in smth, to result from smth.

ITI. Translate the sentences keeping in mind that “with” is
translated differently depending on the context.

1. With the metric system, everything is measured in terms
of three standard units: the meter, the kilogram and the second.

2. With simple sensors installed on the end-of-arm tooling
(pabouue oprassl), a robot can remove parts and materials from
stacks, one piece at a time.

3. An industrial robot which is equipped with a welding head
(cBapouHas To10BKa) is also practical.

4. The cost advantage of hydraulic actuators diminishes with
decreasing size.

5. Smarter and smarter machines should eventually be able
to respond to many events and circumstances with appropriate
responses that make them seem intelligent.

6. Regardless of a robot’s design or tasks, there are still some
issues with its mobility.

7. With wireless technologies now practical and available,
creating intelligent robots is a novel area for research and
investigation.

8. With advances in microchip design, nanotech sciences,
software architecture and minipower cells, robot systems can be
more than just another pair of eyes.
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IV. Read and translate Text 2A.

TEXT 2A
REMOTE ORBITAL SERVICING SYSTEM

One of the objectives of the Space Shuttle is its ability to
serve as a platform for repairs and servicing of orbital payloads.
Eventually, all artificial Earth satellites fail, regardless of how
well they are designed and constructed. Attitude control gas
becomes exhausted, electronic and mechanical components
cease to function, and satellites ultimately experience orbital
decay and reenter the atmosphere. Considering the high cost of
building satellites and launching them, sometimes in the
hundreds of millions of dollars, gaining the longest term use of
them makes sound economic sense.

Because the Space Shuttle’s orbit is restricted to a maximum
altitude of approximately 1100 kilometers, only satellites in
orbits below that altitude can be rendezvoused with directly by
the Shuttle Orbiter for servicing. Higher orbiting satellites have
to be retrieved with some sort of orbital transfer vehicle and
brought back to the Orbiter for servicing in the cargo bay. If
needed work is too extensive, the satellite may be stowed for
return to Earth and relaunch at another time. Because of inherent
dangers in sending space-suited astronauts into the cargo bay for
servicing operations and because of the cost and complexity of
bringing satellites down to the Shuttle’s orbit and later
reboosting them, NASA scientists and engineers are studying a
robotic system as a relatively low-cost alternative satellite
servicing system. The concept is called Remote Orbital
Servicing System or ROSS. With this system, human operators
would be able to sit in a control room on Earth and direct a robot
spacecraft to perform the needed servicing and repair tasks on a
satellite.

The ROSS spacecraft would be launched into space by the
Space Shuttle. Once deployed from the Shuttle’s cargo bay, an
operator on Earth would assume teleoperated control of ROSS.
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This would free the Orbiter and its crew for other tasks. With a
built-in booster system, ROSS would be directed to rendezvous
with a particular satellite. In the servicing period to follow, worn
out or defective modules on the satellite are removed with two
manipulator arms and replaced.

To enable the teleoperator to view the progress of the
servicing operation, six television cameras are mounted on and
around the manipulator arms. Two of the cameras are tied
together like human eyes to produce stereo pictures on the
teleoperator’s monitor on Earth. One camera is mounted on each
manipulator arm for detailed observation and for observation in
places not visible to the other cameras. A fifth camera is placed
some distance from the stereo cameras and a sixth camera can
be placed in a variety of locations depending upon specific
mission requirements.

The manipulators of ROSS are quite similar in appearance to
the RMS of the Orbiter. These manipulators, however, are only
2.8 meters long and the end effectors feature plier-like jaws for
grasping rather than the RMS wire snare. Both manipulators are
jointed like the RMS and feature six degrees of freedom.

In the basic ROSS concept, control of the spacecraft would
be accomplished directly by the human operator on Earth.
Communications between the spacecraft and Earth would be
routed through communications satellite relay, resulting in a one
to two second time delay. In experimentation, delays of this
length caused no insurmountable control problems. As robotic
technologies advance, ROSS will be able to take over more of
the servicing functions on its own with only supervisory control
from the ground. Eventually, it should become possible for the
human controller to direct an advanced ROSS with commands
such as “Pull transponder R6, test it, and replace if necessary.”
Such a command would trigger ROSS’s memory to follow
dozens of operations automatically.
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V. Answer the questions.

1. What happens with artificial satellites with time?

2. Why is it so important to use satellites for the longest
possible term?

3. Where are defective satellites normally repaired?

4. What are orbital transfer vehicles needed for?

5. What is the reason for designing an alternative satellite
servicing system?

6. What is the advantage of teleoperated control from the
ground?

7. What is the function of a built-in booster system?

8. How many manipulators will be used in ROSS and what
tasks will they perform?

9. What are the cameras on the ROSS manipulator for?

10. How are stereo pictures produced on the teleoperator’s
display on Earth?

11. What are the differences between the RMS and the
ROSS manipulator?

VI. Say if the following is true or false and change the false
statements into true ones.

1. Orbital transfer vehicles are needed to bring satellites in
orbits below 1100 km back to the Space Shuttle.

2. It is absolutely safe to send astronauts into the cargo bay
for servicing operations.

3. ROSS would be launched into space from the Earth.

4. ROSS would be controlled directly by the astronauts from
the Space Shuttle.

5. ROSS will function in a fully automatic mode.

6. In experimentation, there were serious control problems
with ROSS due to communication delays.
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VII. Find in the text all the words that can be used as
different parts of speech. For instance, the words ‘service’
and ‘repair’ can both serve as a noun and a verb. See, who
of you will find more words like these. Note, that there are
more than 20 of them. Use some of the words in sentences of
your own.

VIII. Paraphrase the following without using the underlined
parts of the sentences. Use the prompts in brackets.

Example. The Space Shuttle has the ability to serve as a
platform for repairs and servicing of orbital payloads. (can) —
The Space Shuttle can serve as a platform for repairs and
servicing...

1. All artificial satellites ultimately experience orbital decay.
(move)

2. The teleoperator will view the progress of the servicing
operation. (how)

3. Using the communication satellites relay resulted in a one
to two second time delay. (cause)

4. Delays of this length caused no insurmountable control
problems. (result from)

5. As robotic technologies advance, ROSS will be able to
take over more of the servicing functions on its own. (with,
perform, in the automatic mode)

6. Eventually, it should become possible for the human
controller to direct an advanced ROSS with verbal commands.
(be able to)

7. Considering the high cost of building satellites and
launching them, gaining the longest term use of satellites makes
sound economic sense. (as, using, is)

IX. Complete the sentences using information from the text.
1. It is economically reasonable to use satellites as long as
possible because ...

2. The Space Shuttle can only rendezvous with the satellites
which ...
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3. Now that ROSS hasn’t been created yet there are
2 variants of satellite servicing: they can be serviced by 1) ...
and 2) ...

4. Satellites are returned to Earth for servicing if ...

5. ROSS would be a safe alternative to ...

6. ROSS is supposed to become a low-cost alternative to ...

7. Six TV cameras are mounted on the manipulator arms
for ...

8. The human operator on Earth would communicate with
ROSS via ...

X. Make up a plan and give a brief summary of Text 2A.

Useful language: the article gives a detailed description of,
the system is designed (for, to do smth), to perform servicing
and repair tasks, to serve as an alternative to, to deploy the
system, to assume teleoperated control, to be equipped with TV
cameras, much consideration is given to, communication
between the spacecraft and the Earth, in conclusion, to operate
automatically, to control the system with verbal commands.

XI. Read Text 2B and find answers to the questions.

1. What is the relationship between the number of DOF and
the number of joints in the manipulator?

2. What kind of actuator would be preferable for a low-
powered manipulator?

3. What is the most common kind of end effector?

TEXT 2B
ROBOT PRIMER (II)

Manipulator arm configurations

To accomplish robotic motions, four basic configurations of
manipulator arms have been devised. These include rectangular,
cylindrical, spherical, and anthropomorphic (articulated or
jointed arm). Each design features two or more degrees of
freedom (DOF). DOF refers to each direction an arm is capable
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of moving. A simple linear or straight line movement is one
DOF. To follow a two-dimensional curved path requires two
DOF both up and down and right and left. More complicated
motions require many degrees of freedom. To locate an end
effector at any point and orient the effector in a particular work
volume requires 6 DOF. More degrees might be required if the
manipulator has to avoid other equipment or obstacles in
performing its tasks. For each DOF, the joint, rotary or linear, is
required. To increase the versatility of the manipulator arm
design, two or more of the four basic configurations can be
combined on the same manipulator.

Actuators' (Power supply)

Moving the manipulator joints is accomplished by actuators.
The three main forms of actuators in use today include
pneumatic, hydraulic, and electrical. Pneumatic actuators use
pressurized gas to move the joint. Gas is propelled by a pump
through a tube to a particular joint and actuates movement. Air
brakes on diesel trucks are a common form of pneumatic
actuator. Pneumatic actuators are inexpensive and simple but
their movement is “squooshy” and consequently they are
usually reserved for “pick-and-place” robots.

Hydraulic actuators are the most common industrial system
and are capable of producing high power. The principle
disadvantages of hydraulic actuators are the accompanying
paraphernalia’, including pumps and storage tanks, and
problems with system leaks.

Electric actuators offer clean movements, can be precisely
controlled, and are very reliable and accurate but do not deliver
the high power-to-system weight ratios that hydraulic actuators
can deliver. For small actuator functions, electrical actuators are
preferred because the cost advantage of hydraulic actuator
diminishes with decreasing size.

End effectors

The “hand” or gripping device is usually attached to the end
of the robot’s manipulator. The functions of the end effector
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include grasping, pushing and pulling, twisting, using tools, and
performing insertions’ and assembly. End effectors can be
mechanical, vacuum or magnetically operated, a snare device’,
or have some exotic configuration. The design of an end effector
is determined by the shapes of objects it has to grasp. Most end
effectors are simply some gripping or clamping devices.

actuator — UCTIOTHUTENbHBIA MEXaHU3M, IPUBOI.
squooshy infin — BI3kuii (MHEPLNOHHBIH).
paraphernalia #n — aTpuOyTHI, IPUHAUIEKHOCTH.
insertion # — ycTaHOBKa, MOHTaX (KOMITOHEHTOB).
snare device — yCTpO¥CTBO B BUE METIIH.

XIII. Translate Text 2B.

[0 N N

XIV. Translate into English and ask your partner the
following questions.

1. Ckonbko crerneHeit cBo6o1bI HEOOXOMMO MaHUIYIISTOPY,
9TOOBI TIOMECTHTHh PabOYMii OpraH B JIIOOYIO TOUKYy pabouei
obnactu?

2. Kak MOXHO yBEIMUYUTh NOJBUKHOCTb MaHUILYJIsITOpa?

3. Kakoit mpuBoa MaHUTYJISTOpa HAaNOOJIee TUPOKO MCTIOIb-
3yerca’?

4. KakoBbl JOCTOMHCTBA U HEJIOCTATKU 3TOT0 MpHUBoia?

5. Kakue JOCTOMHCTBA U HEIOCTATKA UMEET AJICKTPUUECKUI
npuBoA?

6. OT 4ero 3aBUCUT KOHCTPYKIHs pabouero oprana?

XV. Complete the sentences by choosing the right option.
Mind that there can be more than one of them.

1. Manipulator arm configuration can be

a) pneumatic ¢) rectangular

b) mechanical d) magnetically operated
2. Actuators can be

a) cylindrical ¢) articulated

b) electrical d) hydraulic
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3. End effectors can be

a) spherical ¢) vacuum-operated
b) mechanical d) anthropomorphic
4. End effectors can

a) paint c¢) perform insertions
b) pull d) climb

XIII. Render in English one of the parts of Text 2B.

XIV. Read and translate the following text without a
dictionary and make up its summary in the written form.

Useful language: the article gives a classification of ... , to be
divided into, in turn (B cBOIO ouepens), an improvement on the
human arm, computer-operated RMS, human-controlled RMS.

TEXT 2C
TYPES OF ROBOTS IN SPACE

Today, two types of devices exist which can be considered
space robots. One is the ROV (Remotely Operated Vehicle) and
the other is the RMS (Remote Manipulator System).

Typically, ROVs are used in nuclear facilities for inspection
and repair in areas too dangerous for humans, and by police
bomb squads for removal of potentially hazardous materials.
Space researchers are especially interested in this type of robot
for terrain exploration in space.

An ROV can be an unmanned spacecraft that remains in
flight, a lander that makes contact with an extraterrestrial body
and operates from a stationary position, or a rover that can move
over terrain once it has landed. It is difficult to say exactly when
early spacecraft evolved from simple automations to robot
explorers or ROVs. Even the earliest and simplest spacecraft
operated with some preprogrammed functions monitored closely
from Earth.

The most common type of existing robotic devices is the
crane-like RMS, or robot arm, most often used in industry and

25



manufacturing. This mechanical arm recreates many of the
movements of the human arm, having not only side-to-side and
up-and-down motion, but also a full 360-degree circular motion
at the wrist, which humans do not have. Robot arms are of two
types. One is computer-operated and programmed for a specific
function. The other requires a human to actually control the
strength and movement of the arm to perform the task. To date,
a robot arm has performed a number of tasks on several NASA
space missions — serving as a grappler, a remote assembly
device, and also as a positioning and anchoring” device for
astronauts working in space.

* .
anchoring — 30. cTaOITH3aIHSL.



UNIT 3

I. Word list:

awareness 7 — OCBEZJOMJICHHOCTb, KOMIIETEHTHOCTh
communicate v — coo01aTh, HepeaBaTh

eliminate v — TMKBHIUPOBATh, YCTPAHATH

EVA (Extra-Vehicular Activity) — BHekopaOenbHas AeSTElb-
HocTh (BK/I)

fatigue n — ycranoctb

formidable adj — orpomMHBIH, TPYAHOTIPEOIOTUMBII

glove n — mepuatka

helmet v — mutem

latency n — Bpems oxkHIaHMSL, 3a7iepKKa

loop n — meTs, KOHTYp, 3aMKHYTasi CHCTEMA

maintain v — 30. MOAA€P>KUBATh

performance n — 1) pabota, GpyHKIIMOHHpPOBaHKE; 2) paboyas Xxa-
pPaKTepUCTHKA, SKCIUTyaTallMOHHbIE KauecTBa; 3) MpPOM3BOIU-
TEJNBHOCTH, 3(pPEeKTUBHOCTD

posture n — ocaHka, 1103a, NOJOXKEHHUE

satisfy v — y1oBIeTBOpATH

scar n — mpam

seek v — uckatb, 30. CTPEMUTHCS

technique n — 1) metox; 2) TexHONIOTHSA; 3) TEXHUUYECKOE CPEl-
CTBO

telepresence n — AMCTaHIIMOHHOE (Tele) MPUCYTCTBUE, dPPeEeKT
MPUCYTCTBUS TPH TUCTAHIIMOHHOM yTIPaBICHUHT

track v — cnenuTh, OTCIEKUBATD

unobtrusive adj — HEHaBS3YUBBIA, HE3aMETHBIH

whereby adv — npu moMo1u 4ero, mocpeacTBOM YETro
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I1. Translate the following word combinations:

EVA astronaut, EVA astronaut equivalent, EVA task,
robotic target, telepresence control system, remote control,
control loop, situation awareness, virtual reality control
interface, three-axis hand controllers, higher human
performance, master-slave relationship, master-slave control
mechanism, helmet mounted display, force feedback, tactile
feedback, force and tactile feedback gloves, posture trackers;

to jump generations ahead, to establish remote control, to
maintain situation awareness, to visualize the workspace, to
handle system latencies, to reduce operator fatigue, to satisfy
requirements, to track operator motions, to communicate
operator motions to the robot.

II1. Translate the sentences paying attention to the Complex
Subject.

1. Automated robotic inspection is expected to be an
important element to offload time consuming inspection
activities from astronauts.

2. As the comet approaches the sun, gases seem to be
exploded out of its head to form gigantic tail that points away
from the sun and extends millions of miles into space.

3. This method does not appear to offer any advantages for it
depends on the production of materials with higher strength to
weight ratios.

4. Space rockets are sure to assist in advancing our
knowledge of high-energy radiations from outer space.

5. In this experiment, the first robot shot off a message
requesting the temperature from the second robot, which
happened to be sitting a mile away.

6. It will be quite a while, if it is to happen at all, before a
machine can really be said to “understand” in a conscious sense
what is going on around it.
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7. Robots proved to be useful in medicine as laboratory and
hospital robots.

8. Even your pocket calculator could be said to be Artificial
Intelligence — 100 years ago no one would have expected a
machine to know how to do maths!

IV. Read and translate Text 3A.

TEXT 3A
THE ROBONAUT PROJECT

Robonaut is a humanoid robot designed by the Robot
Systems Technology Branch at NASA's Johnson Space Center.
The Robonaut project seeks to develop and demonstrate a
robotic system that can function as an EVA astronaut
equivalent. Robonaut jumps generations ahead by eliminating
the robotic scars (e.g., special robotic grapples and targets) and
specialized robotic tools of traditional on-orbit robotics.
Robonaut is designed to be used for EVA tasks, i.e., those which
were not specifically designed for robots. However, it still keeps
the human operator in the control loop through its telepresence
control system.

Telepresence control system

Robonaut uses several novel techniques for establishing
remote control of its subsystems and enabling the human
operator to maintain situation awareness.

In the case of the Robonaut project, the human operator must
control forty-three individual degrees of freedom. Therefore, it
will be critical for operators to have an effective control
interface. In particular, the interface must provide support to the
operator for visualizing the workspace, and for handling system
latencies such as communication delay. In addition, the interface
must enable higher human performance while reducing operator

29



fatigue and stress. One approach which appears to satisfy these
requirements is the telepresence/virtual reality control interface.

The use of three axis hand controllers would present a
formidable task for the operator. Because Robonaut is
anthropomorphic, the logical method of control is one of a
master-slave relationship whereby the operator's motions are
essentially mimicked by the robot. The operator performs the
arm, head and hand motions for the required tasks and a master-
slave control mechanism duplicates the same motions in the
Robot. The goal of telepresence control is to provide an
intuitive, unobtrusive, accurate and low-cost method for tracking
operator motions and communicating them to the robotic
system. The component technologies used in Robonaut's
telepresence system include Helmet Mounted Displays (HMD),
force and tactile feedback gloves and posture trackers.

V. Answer the questions.

1. What is the goal of the Robonaut project?

2. Why are robotic grapples and targets called “robotic
scars”?

3. What is Robonaut supposed to do in space?

4. Why is it critical for Robonaut operators to have an
effective control interface?

5. What is meant by ““an effective control interface”?

6. Why would it be difficult for the operator to control
Robonaut using three-axis hand controllers?

7. What is the best control method for Robonaut? Why?

8. What is the principle of master-slave control method?

9. What is the essence of telepresence control?

10. Why do you think the telepresence control method is
supposed to be low cost?

VI. Find in the text the English equivalents to the following:
pOOOTOTEXHUYECKHI OOBEKT (MHUIIECHB), KOHTYp YIIpaBe-
HUS, OoJiee BBICOKAst pabOTOCTIOCOOHOCTh YeI0BEKa-oIeparopa,
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TpexoceBasi pydyka YOpaBICHHS, B3aUMOJCHCTBHE THIA
«BEIyUIMH-BEIOMBIN», NUCIUIEH, BCTPOCHHBIN B IIJIEM YEJIOBE-
Ka-oreparopa, cujoBas oOpaTHas CBs3b (oOpaTHas CBSI3b IO
YCWIINIO), TAKTHIIbHAS (OcsA3aTenbHasi) oOpaTHas CBsI3b, YCTPOM-
CTBO CJIEXKEHUS 32 TMOJI0KEHUEM Tela.

VII. Explain in your own words:

humanoid robot; Robonaut jumps generations ahead; EVA
astronaut; EVA tasks; to maintain situation awareness; an
intuitive, unobtrusive method; force and tactile feedback gloves;
posture trackers.

VIII. Match the words from lists A and B to make pairs of
synonyms.

A. (1) to design, (2) to function, (3) to be designed (for),
(4) through, (5) to maintain, (6) to provide support, (7) to
enable, (8) to handle, (9) to reduce, (10) to mimic, (11) to require,
(12) accurate.

B. a) to be intended, b) to develop, c) precise, d) to need,
e) to diminish, f) to cope with, g) to help, h) to imitate, 1) to act,
J) to keep up, k) to make possible, 1) by means of.

IX. Paraphrase the following sentences from the text using
the words in brackets.

1. The Robonaut project seeks to develop an EVA astronaut
equivalent. (goal)

2. Robonaut still keeps the human operator in the control
loop ... (to be controlled)

3. Robonaut uses several novel techniques which enable the
human operator to maintain situation awareness. (to make
possible, to be informed)

4. The interface must enable higher human performance.
(more efficient)
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X. Paraphrase the following sentences using the Complex
Subject construction with the verbs given in brackets:

Example. CAD/CAM™ methods are widely used in robotics.
(to know) — CAD/CAM methods are known to be widely used in
robotics.

1. The Robonaut jumps generations ahead in on-orbit
robotics. (to claim (yTBepxnath))

2. This robotic system will find a wide range of applications
as it conforms to the needs of various workplaces, including
nuclear power stations. (to be likely)

3. Robot performs just as well on the 100™ occasion as it did
on the first. (to be sure)

4. A humanoid robot is the most appropriate type of robot for
EVA applications. (to seem)

5. In the course of experiments robots produced superior
results to humans. (to find)

6. Since many Space Station servicing tasks will be
performed EVA, Robonaut will be in great demand. (to expect)

7. The control interface has to be simple, intuitive and effi-
cient, characteristics which are unfortunately mutually exclusive
in all but the simplest cases. (to have proven)

XI. Translate from Russian into English.

1. Ilpeanonaraercs, uro PobonaBt Oyaer paboTaTh B OTKPHI-
TOM KOCMOCE.

2. TexHOJOrus «TEJENPHUCYTCTBUS» IO3BOJISIET ONEpaTopy
OBITH B Kypce CUTYaIHH.

3. Hcnonb3oBanue 3(h(HEeKTUBHOTO MEXaHW3Ma YIIPaBIICHUS
HECOMHEHHO YMEHBIIUT YCTAIOCTh U HANIPSDKEHNE OIlepaTopa.

" CAD (Computer-Aided Design) — aBTOMATH3HPOBAHHOE IIPOEKTUPOBAHME.
CAM (Computer-Aided Manufacturing) — aBToMaTH3HMpOBaHHOE TIPOU3BO/I-
CTBO.
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4. VYmnpapnsomuid uHTEphEHC THIA «TEICTPUCYTCTBUS)
OCHOBAH Ha YIPaBISIOIIEM MEXaHU3ME «BEAYIIUN — BEAOMBII».

5. Ilo-BuauMoMy, METOX yIIpaBJiI€HUs, OCHOBAHHBIA HA TEX-
HOJIOTMH «TEJICTIPUCYTCTBUA», YIOBIETBOPSIET BCEM OIMCAHHBIM
BBIIIIE TPEOOBAHUSM.

6. Ecnmu Obl omepaTop WCIONB30BAI TPEXOCHBIE PYUKH
yIpaBjeHUs, €ro paboTOCTIOCOOHOCTh ObLTa Ol HAMHOTO XYXKE€.

7. YnpasieHUE, OCHOBAHHOE HAa TEXHOJIOTMM «TEJICIIPUCYT-
CTBHSI», 00ECTIEUNBACT CIIC)KECHUE 3 JBIKCHHUSAMHU OIEpaTropa H
UX repenayy B pOOOTOTEXHUYECKYIO CUCTEMY .

8. Jlnga ycraHOBIEHMS IUCTAHIIMOHHOTO YIIPAaBIEHHUS HEO0O-
XOJIUM PsiJT HOBBIX TEXHOJIOTHMA.

9. Eciu 661 PoO0oHABT He OBLT aHTPOIIOMOP(HBIM POOOTOM,
YOPAaBISIOMUN MEXaHU3M THUIIA «BEAYIIHA — BEIOMBIN» ObLIT ObI
He 3¢ dekTrBeH.

10. Cucrema TtenenpucyTcTBUs PoOOHaBTa BKIIOYAET He-
CKOJIBKO HOBBIX TEXHUYECKUX CPEJICTB.

XII. Give a brief summary of the text.

Useful language: the article is a presentation of, to jump
generations ahead, to function as an EVA astronaut equivalent,
much consideration is given to, master-slave control mechanism,
to satisfy the requirements, telepresence control interface, to
track operator motions and communicate them to Robonaut.

XIII. Read and translate Text 3B.

TEXT 3B
TELEPRESENCE CONTROL SYSTEM

Telepresence uses virtual reality display technology to
visually immerse the operator in the robot's workspace. This
way the teleoperator feels as if he or she were in the place of the
robot. Visual feedback is provided by a stereo display helmet
and includes live video from Robonaut's head cameras. The
HMD provides a view into the robot's environment, facilitating
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intuitive operation and natural interaction with the work site. To
be an effective tool for the Robonaut project, the HMD must
take into account image registration' (stereo or bi-ocular view),
field-of-view (FOV), graphical overlay capabilities® and speech
recognition capabilities.

Controlling Robonaut's highly dexterous’® fingers and hands
is made possible by mapping’ the motions of the teleoperator's
fingers onto the hand and finger motions of Robonaut. Finger
tracking is accomplished through glove based finger pose
trackers. Complex manipulation tasks are then made as intuitive
as performing the task with your own hands.

Force sensors are built into Robonaut's hands. The forces
imparted on Robonaut's fingers can be displayed to the
teleoperator by means of a mechanical exoskeleton® worn by the
teleoperator. The finger forces measured by Robonaut's force
sensors are used to convey haptic® information back to the
teleoperator.

Arm, torso and head tracking is accomplished with the use of
magnetic based position and orientation trackers. Mapping the
motions of the human appendages’ to the motions of Robonaut's
arms and head is accomplished similarly to the way the finger
tracking is performed. The telepresence system will generate
robot position commands through teleoperator pose tracking.
Future telepresence control will address new methods and
algorithms that will significantly improve safety and perfor-
mance of teleoperated human-scaled dexterous robots during in-
space operations.

Developing dedicated® software tools for real-time, camera
based, human posture tracking and text and graphical capabili-
ties will achieve this goal for robot operators. These features
will allow the natural and unencumbered’ control of anthropo-
morphic robots, while minimizing training and maximizing
robot performance. These new technologies seem to have the
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potential to provide any telepresence interface with real-time
operator tracking and audio-visual feedback. Operators of
dexterous space robots will take full advantage of the robots'
high performance only if teleoperation is made easy and safe.

! image registration — npuem u306paxeHusL.

j graphical overlay %apabilitigs — BO3MOXKHOCTH HAKJIATHOH rpaduKu.
dexterous — THOKUIi, JIOBKUIA.

* to map — oTo6paxars.

> exoskeleton — sx30ckerneT (po6oT, HaIEeBAEMBIi Ha YETOBEKA).

® haptic — TAKTHIIBHBI, OCS3aTETBHBIH.

; appf:ndage ~ KOHEUHOCTS.
dedicated — cienanbHbIi.

? unencumbered — 63 orpaHiUCHHiL.

XIV. Answer the questions.

1. What makes the operator feel as if he were in the place of
the robot?

2. How are Robonaut’s fingers controlled?

3. How does the force feedback work?

4. How are the robot position commands generated?

5. How can safety and performance of teleoperated robots be
improved?

XV. Say if the following is true or false.

1. The Robonaut telepresence system includes 1) virtual rea-
lity display technology and 2) finger, arm, torso and head tracking
technology.

2. Visual feedback is provided by HMD and Robonaut’s head
cameras.

3. Virtual reality is achieved due to the mechanical exoskeleton.

4. The telepresence system maps the motions of the teleope-
rator's fingers, arms, torso and head into the corresponding
motions of Robonaut.

5. The operator wears a mechanical exoskeleton to look like
a robot.
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6. Robonaut’s finger force sensors provide force and tactile
feedback.

7. Head tracking differs from finger tracking.

8. Robot position commands are generated by the
teleoperator pose tracking system.

9. The existing technologies are sure to provide safety and
high performance of Robonaut.

XVI. Give a brief summary of Text 3B.

Useful language: the article explains the principle of
operation of, virtual reality, visual feedback, to take into
account, to map the motions of ... into the motions of, finger
tracking, force sensors, force feedback, position and orientation
trackers, to generate robot position commands, to address new
methods and algorithms, to improve safety and performance.

XVII. Read and translate Text 3C. Think of a suitable title
to it.

TEXT 3C

Imagine you are sitting at a console remotely controlling a
robot with a hand controller. Your job as a robot operator is to
insert or extract an electronic box from a rack. The console has
multiple CRT' screens, each with a different camera view.
Additional views may be multiplexed onto these screens by
pressing the appropriate buttons. Sometimes the available
camera views are inadequate and the cameras must be
repositioned by another set of hand controllers. You move
slowly and cautiously, fearing that a wrong move may cause
permanent damage to the robot, or to the surrounding
equipment.

The above scenario basically characterizes telerobotic
operations today. Tasks such as this may seem simple to
humans, but they are rather difficult for robots designed with
“cock-pit™* style operator interfaces. One reason for this
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difficulty is that this type of interface can overload the operator's
visual and manual capacities. Consequently, the operator may
suffer from fatigue and decreased levels of productivity.
Another reason for the difficulty is that the mapping of human
body movements to the robot is not intuitive. Teleoperation
schemes that are counter-intuitive will impede the flow of skills
from the human operator to the robot.

The Dexterous Anthropomorphic Robotic Testbed® (DART)
is designed, as a baseline, to operate under a more immersive
brand of teleoperation known as telepresence control. DART is
shown here operating a tether hook that astronauts use to secure
themselves during space walks.

! CRT - Cathode-Ray Tube.

2 cockpit — mapTep; kabnuHa camojeTa, CHACHbE MUIOTa (B TOHOYHON
MaIlHe).

3 testbed — ucnpITaTeIbHAS MOJICIb.

XVIII. Answer the questions.

1. What are the disadvantages of teleoperation with the use
of hand controllers?

2. What is the main advantage of telepresence control as
compared to remote control?

XIX. Speaking practice.

1. Explain the phrase “a more immersive brand of teleope-
ration”.

2. Explain the phrase “a cockpit style operator interface”.

3. Render Text 3C on behalf of the remote teleoperator.

4. How would you act if you were to perform the same task
as a telepresence control operator? What would you wear? What
devices would you use? What would you see and feel? How
would you move?

5. Work in pairs. Imagine that you are designing a humanoid
robot and choosing the type of control mechanism. One of you
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is sure that the best control method is teleoperation with hand
controllers, the other is in favor of telepresence control. Think of
the arguments to convince your counterpart that your choice is
preferable.

Useful language: to set the problem, to consider the scope
of work, to take into account, in my opinion, from the
engineering standpoint, cost-effective, considering the high cost
involved, a familiar and easy method, to afford smth, to design
new technologies, to be worth doing smth, to be short of time or
money, an intuitive and unobtrusive control, a more promising
type of control, to suffer from fatigue, to result in, decreased
levels of productivity.

XX. Read the following words and their derivatives and say
what parts of speech they belong to. Use them to fill in the
gaps. Mind that not all the words are used in the sentences:

a) perform — performance — performer;

b) move — movement — movable — moveless — mover —
movies;

¢) manipulate — manipulator — manipulation;

d) vary — various — variable — variety — variant — variability —
variation;

e) apply — application — applicator — appliance — applied —
applicant — applicable;

f) define — definition — definable — definite;

g) associate — association — associated;

h) differ — different — difference — differential — differentiate
— differentiation — differently;

1) locate — location — local — locality.

1. An industrial robot is a reprogrammable, multifunctional

designed materials, parts, tools, or
specialized devices through variable programmed motions for
the performance of a of tasks. (use a, b, ¢, d)
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2. The joints are the components of the robot

that cause relative between adjacent links. (use b)

3. The most widely accepted of an

industrial robot is one developed by the Robotic Industries
. (usef, g)

4. Each of the configurations provides a work
envelope and is suited for different types of . (use
e, h

%. The wrist is used to orient the parts or tools at the work

. (use 1)
6. The robot takes an appropriate action in its

memory with the message sent by the operator. (use g)
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